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POLYMER BLEND COMPOSITIONS 

FIELD OF INVENTION 
5 [0001 J This invention relates to polymer blend compositions and the process for 

preparing the same. In particular, the invention relates to novel blends of cationic polymers and 
anionic polymers which exhibit properties that make them useful as coatings for various 
substrates. 

1 0 BACKGROUND OF THE INVENTION 

[0002] Inkjet printing is widely used to print on a variety of substrates (including paper, 
textiles, and plastics). These substrates are often coated with a material that enhances their 
receptivity for the ink jet ink. In the case of aqueous dye-based inks, which comprise the 
majority of inks currently used in ink jet printing, the property of dye fixation is particularly 

1 5 important. Most aqueous ink jet inks are based on dyes rather than pigments. To obtain sharp 
prints with high color density, the dye molecules must be immobilized almost immediately upon 
contact of the ink with the substrate. Penetration of the dyes into the substrate will result in 
reduced color density, while lateral migration of the dye molecules will cause indistinctness in 
the image formed. 

20 [0003] The dyes that are commonly employed in aqueous ink jet inks are anionic in 

nature, containing sulfonic acid groups. Accordingly, dye fixation is generally accomplished by 
incorporating cationic polymers into the ink jet receptive coatings. These cationic polymers 
emplov salt formation mechanisms to fix the dyes. The most widely used cationic dye fixative in 
ink jet receptive coatings is poly(diallyldimethylammonium chloride), although other water- 

25 soluble cationic polymers are known in the art. For example, U.S. Patent No. 6,010,790 teaches 
the use of polv(vin\ Ibenzylquaternary ammonium salts). Other examples of water-soluble 
.■■"ionir onlvnv^ 'in 4 cafinnu: starch cationic polyvinyl alcohol. iHianidine-formaldehvde resins. 

aO poKmers. For example, unless these pol\mers arc cross-linked in some way. their presence often 
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has a detrimental effect on the water resistance and chemical resistance of ink jet prints and other 
coatings. Also, as these cationic polymers are relatively expensive, their use in traditional 
packaging applications is limited. Furthermore, in many applications it is desirable to match the 
gloss of the coating to the appearance of the substrate. However, due to the glossy nature of most 
5 cationic polymers, it is often necessary to use gloss-modifying pigments to adjust the appearance 
of the finished coating. Also, the chemical nature of cationic polymers limits the materials 
available to modify the physical properties of the cationic-based coatings, in that many of the 
additives commonly used with anionic-based coatings would form precipitants or gels if 
employed with cationic-based coatings. Furthermore, as coatings produced with cationic 

10 polymers are normally transparent in nature, the color development of inks maybe adversely 
effected by the color of the underlying substrate. Finally, cationic-based coatings are usually 
much slower to dry than anionic coatings. As most machinery used in coatings (e.g., 
flexographic printing presses, gravure printing presses, rod-coater, etc.) are designed for use with 
faster-drying anionic systems, the applicability of cationic-based coatings systems are limited. 

1 5 [0005] Anionic polymers are normally added to a coating formulation in order to improve 

the chemical resistance, water resistance, and/or rub resistance of the coating. However, anionic 
polymers are not commonly employed in ink jet receptive coatings because, as most ink jet inks 
are composed of anionic dyes, an anionic ink jet receptive coating would not adequately fixate 
the dyes to the coated substrate. 

20 [0006] It would be desirable to be able to produce a stable blend of cationic polymers and 

anionic polymers for use in various coating applications. 

[0007] Therefore, an object of this invention is to disclose stable polymer blend 
compositions comprising mixtures of cationic polymer compositions and anionic polymer 
compositions. 

25 [ooOS] Another object of this invention is to disclose polymer blend compositions which 

exhibit properties that allow them to he useful as coating formulations. 



formulations 
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SUMMARY OF THE INVENTION 
[0010] The present invention achieves these objects and others via the production of 
polymer blend compositions that are stable mixtures of cationic polymer compositions and 
anionic polymer compositions. These novel blends minimize many of the problems involved in 
using either a cationic polymer composition or an anionic polymer composition in various 
coatings. 

[001 1] Skilled artisans would anticipate that the blending of cationic polymer 
compositions with anionic polymer compositions would not produce a stable polymer blend, as 
the negatively-charged particles and the positively-charged particles would tend to aggregate 
together to form a gel or to produce coagulum in the polymer solution. It was, therefore, 
unexpected that stable polymer blend compositions which exhibited no precipitate formation or 
gelling could be produced via the present method. 

[0012] By way of explanation, but without limitation, this result may be caused by the 
employment of the particular cationic polymer compositions and anionic polymer compositions 
of the present invention. The free radical polymerization reaction utilized herein results in the 
production of cationic polymer compositions that contain at least one cationic functionality in the 
backbone of the polymer. The chemical characteristics of these cationic polymer compositions, 
coupled with the chemical characteristics and relatively low acid numbers of the anionic polymer 
compositions, may serve to retard the susceptibility of the respective polymers to react 
chemically. 

[0013 ] Irrespective of the exact chemical mechanism, the ability to create stable water- 
borne polymer blend compositions w hich comprise a mixture of cationic polymers and anionic 
polymers allows the practitioner to produce compositions having chemical characteristics not 
easilv obtained through the use of either cationic polymers or anionic polymers alone. For 
example, the emplovmcnt of polymer blend compositions allows one to match the gloss of 

anionic coalum .-A>t cm to produce desired coating v i^c osit ic> w ithout 'die los> ol chemical 
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resistance or other advantageous properties. Moreover, the ability to blend cationic polymer 
compositions with anionic polymer compositions allows one to produce a polymer blend coating 
compositions with desired drying rates. Finally, the broader versatility exhibited by the polymer 
blend ink jet receptive coating compositions of the present invention allows their employment in 
a variety of applications not commercially viable for traditional cationic ink jet receptive 
coatings. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0014] The polymer blend compositions of the present invention comprise, in admixture: 
A) from about 1 .0% to about 99.0% by weight of the composition of at least one 

cationic polymer composition produced by reacting in a free radical 

polymerization reaction a mixture comprising: 

1) about 6.0% to about 28.0% by total weight of the mixture of a member 
selected from the group consisting of amine-containing ethylenically 
unsaturated monomers, ethylenically unsaturated monomers containing at 
least one quaternary ammonium group, N-hydroxymethyl acrylamide, N- 
hydroxymethyl methacrylamide, N-hydroxymethyl-substituted acrylamide, 
N-hydroxymethyl-substituted methacrylamide, and combinations thereof; 

2) about 0. 1 % to about 40.0% by total weight of the mixture of a member 
selected from the group consisting of acrylic esters of alcohols containing 
from 1 to 22 carbon atoms, methacrylic esters of alcohols containing from 
1 to 22 carbon atoms, styrene, substituted styrenes, acrylonitrile, 
methacrylonitrile, vinyl chloride, vmylidene chloride, vinyl ethers, vinyl 
esters, N-vinyl amides, and combinations thereof; 

3) about 3.0° n to about 5.0% by total weight of the mixture of a member 
selected from the group consisting of cationic surfactants and 

the lM'oup eonsi>tnm of non-ionic surtaelants and combinations thereof : 
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5) up to about 9.0% by total weight of the mixture of a member selected from 
the group consisting of ethylenically unsaturated monomers containing at 
least one hydroxyl group and combinations thereof; 

6) up to about 4.0% by total weight of the mixture of at least one chain 
transfer agent; 

7) a catalytic amount of polymerization initiator; and 

8) the balance of the mixture being water; to produce the cationic polymer 
composition having a solids content in the range of about 1.0% to about 
50.0% and a pH in the range of about 3.5 to about 8.5; and 

from about 1.0 to about 99.0% by total weight of the composition of at least one 
anionic polymer composition produced by reacting in a free radical 
polymerization reaction a mixture comprising: 

1) about 20.0 to about 50.0% by total weight of the mixture of a member 
selected from the group consisting of vinylic monomers and combinations 
thereof; 

2) up to about 20.0% by total weight of the mixture of a member selected 
from the group consisting of water-dispersible polymers having an acid 
number of no greater than 250 and a weight average molecular weight in 
the range of about 4,000 to about 20,000 and combinations thereof; 

3) up to about 5.0%) by total weight of the mixture of a member selected from 
the j^roup consisting of epoxy monomers that contain at least two ethylene 
oxide groups, epoxy monomers that contain at least two epoxide groups, 
epoxy monomers that contain at least one ethylene oxide group and at least 
one epoxide group, and combinations thereof; 

4) up to about 5.0% by total weight of the mixture of a member selected from 
the L'roup consisting of anionic surfactants, non-ionic surfactants, and 

the iU"oup consi -ting of chain transfer agents and combinations thereot ; 
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6) up to about 5.0% by total weight of the mixture of at least one organic 
solvent; 

7) a catalytic amount of polymerization initiator; and 

8) the balance of the mixture being water; to produce an anionic polymer 

5 composition having a solids content in the range of about 1 .0% to about 

50.0%, a pH in the range of about 3.5 to about 9.0, and an acid number of 
no greater than about 22; and 
wherein said polymer blend composition has an acid number no greater than about 22. 

[0015] Preferred polymer blend compositions of the present invention comprise, in 
10 admixture: 

A) from about 10.0% to about 90.0% by weight of the composition of at least one 
cationic polymer composition produced reacting in a free radical polymerization 
reaction a mixture comprising: 

about 10.0%) to about 15.0% by total weight of the mixture of a member 
selected from the group consisting of amine-containing ethylenically 
unsaturated monomers, ethylenically unsaturated monomers containing at 
least one quaternary ammonium group, N-hydroxymethyl acrylamide, N- 
hydroxymethyl methacrylamide, N-hydroxymethyl-substituted acrylamide, 
N-hydroxymethyl-substituted methacrylamide, and combinations thereof; 
about 5.0% to about 20.0% by total weight of the mixture of a member 
selected from the group consisting of acrylic esters of alcohols containing 
from 1 to 22 carbon atoms, methacrylic esters of alcohols containing from 
1 to 22 carbon atoms, styrene, substituted styrenes, acrylonitnle, 
mcthacrylonitrile, vinyl chloride, vinylidene chloride, vinyl ethers, vinyl 
esters, N-vinyl amides, and combinations thereof; 
a h ou t 4.n% to about 5.0%) by total weight of the mixture of a member 



1) 



15 
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4) 



up to about bv total weight of the mixture otu member se lee let! Mom 
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the s^roup consisting of non-ionic surfactants and combinations thereof; 

5) up to about 9.0% by total weight of the mixture of a member selected from 
the group consisting of ethylcnically unsaturated monomers containing at 
least one hydroxy! group and combinations thereof; 

6) up to about 4.0% by total weight of the mixture of at least one chain 
transfer agent; 

7) a catalytic amount of polymerization initiator; and 

8) the balance of the mixture being water; to produce the cationic polymer 
composition having a solids content in the range of about 1.0% to about 
50.0% and a pH in the range of about 3.5 to about 8.5; and 

from about 10.0% to about 90.0% by total weight of the composition of at least 
one anionic polymer composition produced by reacting in a free radical 
polymerization reaction a mixture comprising: 

1) about 35.0%o to about 50.0% by total weight of the mixture of a member 
selected from the group consisting of vinylic monomers and combinations 
thereof; 

2) about 5.0% to about 10.0% by total weight of the mixture of a member 
selected from the group consisting of water-dispersible polymers having 
an acid number of no greater than 250 and a weight average molecular 
weight in the range of about 4,000 to about 20,000 and combinations 
thereof; 

3) up to about 4.0% by total weight of the mixture of a member selected from 
the uroup consisting of epoxy monomers that contain at least two ethylene 
oxide groups, epoxy monomers that contain at least two epoxide groups, 
epoxy monomers that contain at least one ethylene oxide group and at least 
one epoxide uroup. and combinations thereof; 



surfactants. 



and combinations ihcrcot ; 
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5) up to about 4.0% by total weight of the mixture of a member selected from 
the group consisting of chain transfer agents and combinations thereof; 

6) up to about 5.0% by total weight of the mixture of at least one organic 
solvent; 

5 7) a catalytic amount of polymerization initiator; and 

8) the balance of the mixture being water; to produce an anionic polymer 
composition having a solids content in the range of about 1.0% to about 
50.0%, a pH in the range of about 3.5 to about 9.0, and an acid number of 
no greater than about 22; and 
1 0 wherein said polymer blend composition has an acid number no greater than about 22. 

[0016] From about 1.0% to about 99,0% (preferably from about 10.0% to about 90.0%) 
by weight of the polymer blend composition of the present invention is composed of a cationic 
polymer composition or combination of cationic polymer compositions. Cationic polymer 
compositions which are suitable for use in the present invention are produced by reacting in a 
1 5 free radical polymerization reaction a mixture comprising: 

1) about 6.0% to about 28.0% (preferably from about 10.0% to about 15.0%) by total 
weight of the mixture of a member selected from the group consisting of amine- 
containing ethylenically unsaturated monomers, ethylenically unsaturated 
monomers containing at least one quaternary ammonium group, N-hydroxymethyl 

20 acrylamide, N-hydroxymethyl methacrylamide, N-hydroxymethyl-substitutcd 

acrylaniide, N-lwdroxymethyl-substituted methacrylamide, and combinations 
thereof; 

2) about 0.1% to about 40 0% (preferably from about 5.0%> to about 20.0%) by total 
weight of the mixture of a member selected from the group consisting of acrylic 

25 esters of alcohols containing from 1 to 22 carbon atoms, methacrylic esters of 

alcohols containing from 1 to 22 carbon atoms, styrene, substituted styrenes, 



about .viiio about 5.<> ' .» tprcferabl) liom about 4.0",, u> about r 
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weight of the mixture of a member selected from the group consisting of cationic 
surfactants and combinations thereof; 

4) up to about 3.0° o by total weight of the mixture of a member selected from the 
group consisting of non-ionic surfactants and combinations thereof; 

5) up to about 9.0° o by total weight of the mixture of a member selected from the 
group consisting of ethylenically unsaturated monomers containing at least one 
hydroxyl group and combinations thereof; 

6) up to about 4.0% by total weight of the mixture of at least one chain transfer 
agent; 

7) a catalytic amount of polymerization initiator; and 

8) the balance of the mixture being water; to produce a the cationic polymer 
composition having a solids content in the range of about 1.0% to about 50.0% 
(preferably from about 35.0% to about 45.0%) and a pH in the range of about 3.5 
to about 8.5 (preferably from about 4.5 to about 8.0). 

[0017] Preferred amine-containing ethylenically unsaturated monomers suitable for use in 
the present invention, include, but are not limited to, the following: dimethylaminoethyl acrylate, 
dimethylaminoethyl methacrylatc, diethylaminoethyl methacrylate, t-butylaminoethyl 
methacrylate, dimethylaminopropyl methacrylamide, allylamine, 2-vinyIpyridine, 4- 
vinylpyridine, and combinations thereof. 

[001 S] Preferred ethylenically unsaturated monomers containing at least one quaternary 
ammonium group suitable for use in the present invention, include, but are not limited to, the 
following: hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxybutyl acrylate, hydroxyethyl 
methacrylate, hydroxypropyl methacrylate, butancdiol monovinyl ether, allyl alcohol, and 
combinations thereof. 

[0019] Preferred cationic surfactants suitable for use in the present invention, include, but 
are nor limited to. the following: alkvltrimethvlammonium salts wherein the alkvi group contains 

salts wherein the alk\l eroup contains from S to 22 carbon atoms and the count en on of the salt is 
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a member selected from the group consisting of chloride, bromide, methylsulfate, and 
cthylsulfatc; alkylpyridinium salts wherein the alkyl group contains from 8 to 22 carbon atoms 
and the counterion of the salt is a member selected from the group consisting of chloride, 
bromide, methylsulfate, and ethylsulfate; and combinations thereof. 
5 [0020] Where desired, at least one nonionic surfactant may be added to the mixture 

undergoing free radical polymerization to produce the cationic polymer composition. Preferred 
nonionic surfactants suitable for use in the present invention, include, but are not limited to, the 
following: ethoxylated alkylphenols, ethoxylated fatty alcohols, ethylene oxide/propylene oxide 
block copolymers, and combinations thereof. 

10 [0021] Where desired, at least one ethylenically unsaturated monomer containing at least 

one hydroxyl group may be added to the mixture undergoing free radical polymerization to 
produce the cationic polymer composition. Preferred ethylenically unsaturated monomers 
containing at least one hydroxyl group suitable for use in the present invention, include, but are 
not limited to, the following: hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxybutyl 

1 5 acrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate, butanediol monovinyl ether, 
allyl alcohol, and combinations thereof. 

[0022] Where desired, at least one chain transfer agent may be added to the mixture 
undergoing free radical polymerization to produce the cationic polymer composition. Preferred 
chain transfer agents suitable for use in the present invention, include, but are not limited to, the 

20 following: dodecyi mcrcaptan, 2-mercaptoethanoh alkyl mercaptopropionates, mercaptoacetic 
acid, mercaptopropionic acid, octyl mcrcaptan, and combinations thereof. 

[0023] A catalytic amount of at least one polymerization initiator is used in the free 
radical polymerization reaction to produce the cationic polymer composition. The amount of 
initiator employed commonly comprises from about 0.1% to about 3.0% (preferably from about 

25 0.2% to about 2.0%.) by weight of the total mixture used to produce the cationic polymer 

^mnositinn Traditional emulsion polvmeri/ation initiators (such as thermal initiators, redox 



peroxide, t-butvl hydroperoxide, di-t-butyl peroxide, benzoyl peroxide, benzoyl hydroperoxide 
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2,4-dichlorobcnzoyl peroxide, t-butyl peracetate, azobisisobutyronitrile, isopropyl 
peroxycarbonate, and combinations thereof. Examples of suitable redox initiators include, but 
are not limited to, the following: cumene hydroperoxide-sodium metabisulfite, cumene 
hydroperoxide-iron (II) sulfate, and combinations thereof. Preferred initiators include water- 
5 soluble azo compounds (such as V-50 or VA-0S6 manufactured by Wako Chemicals). 

[0024] Sufficient water is added to the mixture to produce a cationic polymer 
composition having a solids content in the range of about 1.0% to about 50.0%. The preferred 
solids content for the cationic polymer composition is in the range of about 35.0% to about 
45.0%. 

I o [0025] Cationic polymer compositions suitable for use in the present invention have a pH 

in the range of about 3.5 to about 8.5, preferably in the range from about 4.5 to about 8.0. Where 
desired, the pH of the cationic polymer composition may be adjusted via the addition of a 
member selected from the group consisting of mineral acids, water-soluble carboxylic acids, 
water-soluble sulfonic acids, and combinations thereof. Where employed, it is preferred to use at 
15 least one low molecular weight carboxylic acid such as acetic acid, propionic acid, glycolic acid, 
lactic acid, and the like. 

[0026] From about 1.0% to about 99.0% (preferably from about 10.0% to about 90.0%) 
by weight of the polymer blend composition of the present invention is composed of an anionic 
polymer composition or combination of anionic polymer compositions. Anionic polymer 
20 compositions which are suitable for use in the present invention are produced by reacting in a 
free radical polymerization reaction a mixture comprising: 

1 ) about 20.0% to about 50.0% (preferably from about 35.0% to about 50.0%,) by total 
weight of the mixture of a member selected from the group consisting of vinylic 
monomers and combinations thereof; 
25 2) up to about 20.0%, (preferably from about 5.0% to about 10.0%, ) by total weight of the 

mixture of a member selected from the group consisting of water-dispersible 



to about 2< ».()()( i (preferablv from about 5.i'<>u I*' aboui 12."(»h) and combinations 

1 • 
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thereof; 

3) up to about 5.0% (preferably up to about 4.0%) by total weight of the mixture of a 
member selected from the group consisting of epoxy monomers that contain at least 
two ethylene oxide groups, epoxy monomers that contain at least two epoxide groups, 
epoxy monomers that contain at least one ethylene oxide group and at least one 
epoxide group, and combinations thereof; 

4) up to about 5.0° o (preferably from about 1 .0% to about 3.0%) by total weight of the 
mixture of a member selected from the group consisting of anionic surfactants, non- 
ionic surfactants, and combinations thereof; 

5) up to about 4.0° o by total weight of the mixture of a member selected from the group 
consisting of chain transfer agents and combinations thereof; 

6) up to about 5.0% by total weight of the mixture of at least one organic solvent; 
7 ) a catalytic amount of polymerization initiator; and 

8) the balance of the mixture being water; to produce an anionic polymer composition 
having a solids content in the range of about 1 .0% to about 50.0% (preferably in the 
range of about 35.0%) to about 50.0%), a pH in the range of about 3.5 to about 9.0 
(preferably in the range of about 8.0 to about 9.0), and an acid number of no greater 
than about 22 (preferably no greater than 10 and more preferably no greater than 5). 
[0027] It is preferred that the vinylic monomer used in the free radical polymerization 
reaction to produce the anionic polymer composition be a member selected from the group 
consisting of stvrenic monomers, acrylic monomers, methacrylic monomers, ethylcnic 
monomers, and combinations thereof. It is further preferred that the vinylic monomer is a 
member selected from the group consisting of acrylic acid, methacrylic acid, methyl 
mcthacrylatc, ethyl methacrylate, n-propyl methacrylate, n-butyl methacrylate, isopropyl 
methaeryiate, isobutyl methacrylate, n-amyl methacrylate, n-hexyl methacrylate, isoamyl 
nvthacrvhtte. 2-hvdrowethvl methacrylate, 2-hydroxypropyl methacrylate, N,N- 



ben/vl mcthacrvlale. allvl methacrylate, 2-n-buto\yeth> ! mcthacr> late. 2-chloroclhyl 
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methacrylate, sec-butyl-mcthacrylate, tert-butyl methacrylate, 2-cthybutyl methacrylate, cinnamyl 
methacrylate, crotyl methacrylate, cyclohexyl methacrylate, cyclopentyl methacrylate, 2- 
cthoxyethyl methacrylate, furfuryl methacrylate, hcxafluoroisopropyl methacrylate, methallyl 
methacrylate, 3-methoxybutyl methacrylate, 2-methoxybutyl methacrylate, 2-nitro-2 
5 methylpropyl methacrylate, n-octylmethacrylate, 2-ethylhexyl methacrylate, 2-phenoxyethyl 
methacrylate, 2-phenylethyl methacrylate, phenyl methacrylate, propargyl methacrylate, 
tetrahydrofurfuryl methacrylate, tetrahydropyranyl methacrylate, methyl acrylate, ethyl acrylate, 
n-propyl acrylate, isopropyl acrylate, n-butyl acrylate, n-decyl acrylate, 2-ethylhexal acrylate, 
salts of methacrylic acid, methacrylonitrile, methacrylamide, N-methylmethacrylamide, N- 

1 0 cthylmethacrylamide, N,N-diethymethacrylamide, N,N-dimethylmethacrylamide, N-phenyl- 
methacrylamide, methacrolein, salts of acrylic acid, acrylonitrile, acrylamide, methyl alpha- 
chloroacrylate, methyl 2-cyanoacrylate, N-ethylacrylamide, N,N-diethylacrylamide acrolein, 
vinyl acetate, vinyl chloride, vinyl pyridine, vinyl pyrollidone, sodium crotonate, methyl 
crotonate, crotomc acid, maleic anhydride, and combinations thereof. 

1 5 [0028] Where desired, a water-dispersible polymer or combination of water-dispersible 

polymers maybe added to the mixture undergoing free radical polymerization to produce the 
anionic polymer composition. Water-dispersible polymers which are suitable for use in the 
present invention include those water-dispersible polymers having an acid number of no greater 
than 250 and a weight average molecular weight in the range of about 4,000 to about 20,000. It 

20 is preferred that the water-dispersible polymers have an acid number in the range of about 180 to 
250. It is also preferred that the water-dispersible polymers have a weight average molecular 
weight in the range of about 4,000 to about 12,000. Water-dispersible polymers having an acid 
number of 100 or less can be utilized in the present invention without neutralization. However, 
polymers having an acid number of greater than 100 must be neutralized prior to dispersion in an 

25 aqueous medium. Aqueous bases suitable for use in neutralizing these polymers to produce 
water-dispersible polvmers include organic and inorganic compounds (such as sodium 

ihan 1 on that have been neutralized for dispersion in an aqueous medium. Preferred \\ akr- 
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dispcrsiblc stabilizing polymers include members selected from the group consisting of acrylic 
acid, mcthacrylic acid, fumaric acid, malcic anhydride, and combinations thereof. Polar, non- 
ionic water-dispersible polymers can also be employed in the present invention. 

[0029] Where desired, an epoxy monomer or combination of epoxy monomers may be 
5 added to the mixture undergoing free radical polymerization to produce the anionic polymer 

composition. Epoxy monomers which are suitable for use in the present invention include epoxy 
monomers that contain at least two ethylene oxide groups, epoxy monomers that contain at least 
two epoxide groups, epoxy monomers that contain at least one ethylene oxide group and at least 
one epoxide group, and combinations thereof. Both water-soluble and water-insoluble epoxy 
1 0 monomers can be utilized in the present invention. Epoxy monomers which are preferred for use 
in the present invention include, but are not limited to, the following: aliphatic epoxidized 
urethanes, aromatic epoxidized urethanes, glycidyl acrylate esters, esters, siloxanes, aliphatic 
hydrocarbons, cyclic hydrocarbons, and combinations thereof. 

[0030] Where desired, at least one anionic surfactant may be added to the mixture 
1 5 undergoing free radical polymerization to produce the anionic polymer composition. Preferred 
anionic surfactants suitable for use in the present invention, include, but are not limited to, the 
following: alkyl sulfates, ether sulfates, phosphate esters, sulfonates, and combinations thereof. 

[0031] Where desired, at least one nonionic surfactant may be added to the mixture 
undergoing free radical polymerization to produce the anionic polymer composition. Preferred 
20 nonionic surfactants suitable for use in the present invention, include, but are not limited to, the 
following: cthoxylated alkylphenols, cthoxylatcd fatly alcohols, ethylene oxide propylene oxide 
block copolymers, and combinations thereof 

[0032] Where desired, at least one chain transfer agent may be added to the mixture 
undergoing free radical polymerization to produce the anionic polymer composition. Preferred 
25 chain transfer agents suitable for use in the present invention, include, but are not limited to, the 
loliou-im-- dodeevl mercantan. 2-mcrcaptoethanol. alkyl mercaptopropionates, mereaptoaeetie 



un 
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solvents that arc suitable for use in the present invention include polar organic solvents, non- 
polar organic solvents, and combinations thereof. Examples of suitable organic solvents include 
aliphatic hydrocarbons, napththenic hydrocarbons, aromatic hydrocarbons, aliphatic monohydric 
alcohols, alicyclic monohydric alcohols, glycols; glycol ethers; ketones, esters, aldehydes, ethers, 
saturated fatty acids, unsaturated fatty acids, soya oils, tall oils, vegetable oils, spirits, amines, 
polyols, and the like. 

[0034] A catalytic amount of at least one polymerization initiator is used in the free 
radical polymerization reaction to produce the anionic polymer composition. The amount of 
initiator employed commonly comprises from about 0.1% to about 3.0% (preferably from about 
0.2% to about 2.0%>) by weight of the total mixture used to produce the anionic polymer 
composition. Traditional emulsion polymerization initiators (such as thermal initiators, redox 
initiators, and the like) are suitable for use in the emulsion polymerization reaction. Examples of 
suitable thermal initiators include, but are not limited to, the following: hydrogen peroxide, t- 
butyl hydroperoxide, di-t-butyl peroxide, benzoyl peroxide, benzoyl hydroperoxide, 2,4- 
dichlorobenzoyl peroxide, t-butyl peracetate, azobisisobutyronitrile, isopropyl peroxycarbonate, 
and combinations thereof. Examples of suitable redox initiators include, but are not limited to, 
the following: cumene hydroperoxide-sodium metabisulfite, cumene hydroperoxide-iron (II) 
sulfate, and combinations thereof. Preferred initiators include water-soluble azo compounds 
(such as V-50 or VA-086 manufactured by Wako Chemicals). 

[0035] Sufficient water is added to the mixture to produce an anionic polymer 
composition having a solids content in the range of about 1 .0% to about 50.0° o. The preferred 
solids content for the cationic emulsion polymerization product is in the range of about 35.0% to 
about 50.0%. 

[0036] Anionic polymer compositions which are suitable for use in the present invention 
have a pi 1 in the range of about 3 .5 to about 9.0. It is preferred that the anionic polymer 
'.mmw.iliins have m nil in the ranw of about S.O to about ( ).f). 

compositions ha\e an acid number of no greater than about ]<>. and it is more preferred that the 
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acid number be no greater than about 5. 

[0038] The cationic polymer compositions and the anionic polymer compositions are 
mixed together to form the polymer blend compositions of the present invention. These polymer 
blend compositions have an acid number of no greater than about 22. It is preferred that the 
anionic polymer compositions have an acid number of no greater than about 10, and it is more 
preferred that the acid number be no greater than about 5. 

[0039] The polymer blend compositions of the present invention are superior ink jet 
receptive coatings. Such ink jet receptive coatings can be employed to produce ink jet printable 
products via the process of coating a chosen substrate on at least one side with the ink jet 
receptive coating. Substrates which are suitable for use in producing such ink jet printable 
products include paper, paperboard, wood, plastics, metal foil, textiles, and the like. Where 
desired, any of the pigments traditionally used in ink jet receptive coatings can be employed in 
the coating. Such pigments include, but are not limited to, the following: silica, alumina, plastic 
pigments, calcium carbonate, kaolin clay, and combinations thereof. 

[0040] The polymer blend compositions of the present invention also exhibit properties 
that make them useful as water-borne vehicles for various coatings, such as inks, varnishes, 
paints, functional coatings, and the like. Where desired, any of the pigments traditionally used in 
the formulation of such coatings can be employed in the coating provided that the pigments are 
compatible with the polymer blend compositions. Such pigments include, but are not limited to, 
the following: silica, alumina, plastic pigments, calcium carbonate, kaolin clay, organic based 
pigments, inorganic based pigments, and combinations thereof. 

[0041 ] As appreciated in the art, the exact components and properties of components 
desired for any coating application can vary and, therefore, routine experimentation may be 
required to determine the optional components and proportions of components for a given 
application and desired properties. 

FOM421 The following examples are provided to further illustrate the present invention 
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EXAMPLE 1 

[0043] A cationic polymer composition suitable for use in producing a polymer blend 
composition was prepared as follows. A round bottom flask was equipped with a stirrer, 
thennometer, nitrogen inlet and reflux condenser. To the flask was added 427 g of deionized 
5 water (DIW), 32 g of ARQUAD C-50 (a 50% solution of dodccyltrimethylammonium chloride in 
isopropyl alcohol commercially available from Ak/o Nobel), and 7.1 g of 3- 
mcthacyloylaminopropyl trimeammonium chloride (METAC), and the mixture was heated to a 
temperature of 140°F. A first monomer mixture (composed of 15 g of butyl acrylate, 2.4 g of 
dimethylaminoethylmethacrylate, and 23.4 g of styrene) was added to the flask. An initiator 

10 solution composed of 6.4 g of V-50 (an azo free radical initiator commercially available from 

Wako Chemicals) and 35 g of DIW was added to the flask and the temperature was maintained at 
140°F. After 30 minutes, a second monomer mixture (composed of 25 g DIW and 41 g of 
METAC) and a third monomer mixture (composed of 84 g of butyl acrylate, 13.5 g of 
dimethylaminoethylmethacrylate, and 132 g of styrene) were added to the flask over a three-hour 

15 period. Upon completion of the feed, the reaction was heated to 160°F and maintained at that 
temperature for 60 minutes. Upon cooling, the resulting cationic emulsion (hereafter "Cationic 
Polymer No. 1") contained a solids level of 37% and had a pH of 7.5. 

EXAMPLE 2 

2() [0044] A cationic polymer composition suitable for use in producing a polymer blend 

composition was prepared as follows. A round bottom flask was equipped with a stirrer, 
thennometer, nitrogen inlet and reflux condenser. To the flask was added 52 ( ) g of deionized 
water (DIW), 32 u of ARQUAD C-50 (a 50% solution of dodccyltrimethylammonium chloride in 
isopropyl alcohol commercially available from Ak/o Nobel), and 5 g of 3- 

25 methacylovlaminopropyl trimeammonium chloride (METAC), and the mixture was heated to a 
^ -. . : ,r mm M ; \ fV-t win put mixture composed of 2.4 e of butvl acrvlate. 14.6 g of 

radical initiator commercially a\ ailable from Wako ( 'hemicals) and 1 <\ g of DIW was added to 



Express Mail No. EU592640394US 
C ase Docket No. SCD 02-04 

the flask and the temperature was maintained at 140°F. After 30 minutes, 27 g of MET AC and a 
second monomer mixture (composed of 14 g of butyl acrylate, 83 g of 

dimcthylaminocthylmcthacrylate, 138 g of styrene, and 14 g of hydroxymethylmethacrylate) were 
charged into the reaction over a three-hour period. Upon completion of the feed, the reaction was 
heated to 160°F and maintained at that temperature for 60 minutes. Upon cooling, the resulting 
cationic emulsion (hereafter "Cationic Polymer No. 2") contained 40% solids and had a pH of 
8.5. 

EXAMPLE 3 

[0045] A cationic polymer composition suitable for use in producing a polymer blend 
composition was prepared as follows. A round bottom flask was equipped with a stirrer, 
thermometer, nitrogen inlet and reflux condenser. To the flask was added 348 g of deionized 
water (DIW), 20 g of ARQUAD C-50 (a 50% solution of dodecyltrimethylammonium chloride in 
isopropyl alcohol commercially available from Akzo Nobel), and 3.4 g of TERGITOL NP-10 (a 
nonionic surfactant commercially available from Dow Chemical Co.), and the mixture was 
heated to a temperature of 140°F. Thereafter, a monomer mixture composed of 43 g of styrene 
and 27.8 g of 3-methacyloylaminopropyl trimeammonium chloride (METAC) was added to the 
flask. An initiator solution composed of 6.6 g of V-50 (an azo free radical initiator commercially 
available from Wako Chemicals) and 14 g of DIW was then added to the flask and the 
temperature was maintained at 14()°F. After 30 minutes, a second monomer mixture (composed 
of 110 ^ of DIW, 2 g of ARQUAD C-50, and 243 g of styrene) and 43 g of METAC were added 
to the flask over a period of 1 SO minutes. Upon completion of the feed, the reaction was heated 
to 160°F and maintained at that temperature for 60 minutes. Upon cooling, the resulting cationic 
emulsion (hereafter "Cationic Polymer No. 3") contained a solids level of 40% and had a pH of 
4.0. 



composition was prepared as follows 



A round bottom flask was equipped with a stirrer. 
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thermometer, nitrogen inlet and reflux condenser. To the flask was added 296 g of deionized 
water (DIW), 0.5 g of sodium lauryl sulfate, and 0.7 g of itaconic acid, and the mixture was 
heated to 185°F. Thereafter, 13.6 g of styrcne was added to the flask. An initiator solution 
composed of 0.2 g of ammonium pcrsulfate and 8.2 g of DIW was then added to the flask and the 
temperature was maintained at 1S5°F. After 30 minutes, 355 g of styrcne and an initiator 
mixture composed of 81 g of DIW, 3 g of ammonium persulfate, and 7.7 g of sodium lauryl 
sulfate were charged into the flask over a period of 200 minutes. Upon completion of the feed, 
the reaction was cooled to 160°F and maintained at that temperature for 60 minutes. Upon 
cooling to 90°F, 26 g of IGEPAL CA-897 (a modified alkylphcnol ethoxylate surfactant 
commercially available from Rhodia Chimie Corp.) was added to the flask. Upon cooling to 
room temperature, the resulting anionic emulsion (hereafter "Anionic Polymer No. 1") had a 
solids level of 48%, a pH of 8.4, and an acid number of less than 5. 

EXAMPLE 5 

[0047] An anionic polymer composition suitable for use in producing a polymer blend 
composition was prepared as follows. A round bottom flask was equipped with a stirrer, 
thermometer, nitrogen inlet and reflux condenser. To the flask was added 385 g of deionized 
water (DIW T ), 1 g of ammonium carbonate, and 1 g of RHODACAL DS-10 (sodium 
dodecyleben/ene sulfonate commercially available from Rhodia Chimie Corp.), and the mixture 
was heated to 157°F. Thereafter, a monomer mixture composed of 2.7 g of EPON 828 
(polv(bisphenol A-co-epicholorhydrin commercially available from Shell Oil Co. Corp.), 7.1 gof 
styrcne, 2.1 g of ethyl acrylate, 1 g of CARBOWAX 350 (polyethylene glycol monomethylether 
commercially available from Dow Chemical Co.), and 1 g of methacrylic acid) was added to the 
flask. An initiator solution composed of 1 g of ammonium persulfate and 8.5 g of DIW was 
charucd to the flask and the temperature was increased to 1S0°F. After 30 minutes, a monomer 

: t . ' .m-pmvv^' \f> ^ - -M- 1 " ^ - ( W -tlv I irrvl'iV fW><rpf 

monomer mixture (composed of 34.5 g of butyl acrylate, 5 1 g of butyl melhacn laic. 1 2o g of 
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methyl methacrylate, and 80 g of 2-cthylhcxyl acrylate) and an initiator mixture composed of 
47.5 g DIW, 5.4 g Aerosol NPES 930P (a sulfated ethoxylated nonyl phenol ammonium salt 
commercially available from Cytcc), 5.4 g of RHODAPEX CO-436 (a modified alkylphenol 
ethoxylate surfactant commercially available from Rhodia Chimie Corp.), and 4.6 g of 
ammonium persulfatc were added to the flask over a two-hour period. Upon cooling, the 
resulting anionic emulsion (hereafter "Anionic Polymer No. 2") had a solids content of 42%, a 
pH of 4.5, and an acid number in the range of 5 to 10. 

EXAMPLE 6 

[0048] An anionic polymer composition suitable for use in producing a polymer blend 
composition was prepared as follows. A round bottom flask was equipped with a stirrer, 
thermometer, nitrogen inlet and reflux condenser. To the flask was added 775 g of deionized 
water (DIW), 34 g of PLURONIC L-61 (polyoxyethylene-polyoxpropylene glycol commercially 
available from BASF Corp.), 1.7 g of RHODAPEX CO-436 (a modified alkylphenol ethoxylate 
surfactant commercially available from Rhodia Chimie Corp.), 132 g of a styrene acrylate 
methacrylic acid co-polymer ammonium salt water-dispersible polymer, 21.5 g of methacrylic 
acid, and 25 g of ammonium hydroxide, and the mixture was heated to 1 72°F. Thereafter, a 
monomer mixture composed of 5.5 g of butyl acrylate and 103 g of styrene was charged into the 
flask. An initiator solution composed of 6.8 g of ammonium persulfatc and 26 g of DIW was 
then added to the flask and the temperature was increased to 180°F. After 30 minutes, a second 
monomer mixture composed of 37 g of butyl acrylate, and (>94 g of styrene was charged into the 
flask over a period of ISO minutes. An initiator mixture composed of 35 g DIW and 2.2 g of 
ammonium persulfatc was also added to the reaction 90 minutes after the start of the charging of 
the second monomer mixture into the flask. Upon completion of the feed, the reaction was 
heated to 1S0°I ; . After a period of 60 minutes, the reaction was cooled to ( )0°F and a surfactant 

■ ■nn.n.K-J ,<fM " oflf'iFPAI CA-S 1 )" 7 (a modified alkylphenol ethoxylate surfactant 

I'olvmer No. 3") had a >olids level ol'4W„. a pll ol's.s. and an acid number of lev, than 11. 
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EXAMPLE 7 

[0049] A cationic polymer composition suitable for use in producing a polymer blend 
composition was prepared as follows. A round bottom flask was equipped with a stirrer, 
thermometer, nitrogen inlet and reflux condenser. To the flask was added 314 g of deionized 
5 water (DIW), 27 g of ARQUAD C-50 (a 50% solution of dodecyltrimcthylammonium chloride in 
isopropyl alcohol commercially available from Akzo Nobel), and 4 g of 3- 
methacyloylaminopropyl trimcammonium chloride (MET AC), and the mixture was heated to a 
temperature of 140°F. A monomer mixture composed of 2 g of butyl acrylate, 12 g of 
dimethylaminoethylmethacrylate, and 22 g of styrene was added to the flask. Thereafter, an 

10 initiator solution composed of 5.5 g of V-50 (an azo free radical initiator commercially available 
from Wako Chemicals) and 32 g of DIW was added to the flask and the temperature was 
maintained at 140°F. After 30 minutes, a first mixture (comprised of 23 g of METAC and 29 g 
of DIW) and a second monomer mixture (composed of 1 1 g of butyl acrylate, 67 g of 
dimethylaminoethylmethacrylate, and 126 g of styrene) were charged into the reaction over a 

1 5 period of 180 minutes. Upon completion of the feed, the reaction was heated to 160°F and 
maintained at that temperature for 60 minutes. Upon cooling, the resulting cationic emulsion 
(hereafter "Cationic Polymer No. 4") contained 40% solids and had a pH of 8.5. 

EXAMPLE 8 

20 [0050] A polymer blend composition was prepared as follows. To a 4 oz jar was added 

25 z of Cationic Polvmcr No. 1. Thereafter, 75 g of Anionic Polymer No. 1 was added to the jar 
with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 20 seconds as measured via a 
Zahn 2 cup, was stable and exhibited no precipitate formation or gelling. 

25 

l : \ WIPf I : ( ) 



with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer 
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The resulting polymer blend composition, which had a viscosity of 20 seconds as measured via a 
Zahn 2 cup, was stable and exhibited no precipitate formation or gelling. 

EXAMPLE 10 

[0052] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
75 g of Cationic Polymer No. 1. Thereafter, 25 g of Anionic Polymer No. 1 was added to the jar 
with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 20.8 seconds as measured via 
a Zahn 2 cup, was stable and exhibited no precipitate formation or gelling. 

EXAMPLE 1 1 

[0053] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
80 g of Cationic Polymer No. 1. Thereafter, 20 g of Anionic Polymer No. 5 was added to the jar 
with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 22.2 seconds as measured via 
a Zahn 2 cup and a pH of 7.5, was stable and exhibited no precipitate formation or gelling. 

EXAMPLE 12 

[0054] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
10 g of Anionic Polymer No. 1 . Thereafter, 90 g of Cationic Polymer No. 5 was added to the jar 
with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 60 seconds as measured via a 
Zahn 2 cup and a pH of 8.0, was stable and exhibited no precipitate formation or gelling. 

EXAMPLE 13 

f nns^ 1 A polymer blend composition was prepared as follows. To a 4 oz jar was added 

The resulting polvnicr blend composition, w hi eh had a viscosity ot 2< » seconds as measured \ ia a 
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Zahn 2 cup and a pH of 5.08, was stable and exhibited no precipitate formation or gelling. 

EXAMPLE 14 

[0056] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
81.0 g of Cationic Polymer No. 2. Thereafter, 9.0 g of Anionic Polymer No. 2 was added to the 
jar with stirring, and the blend was mixed for an additional two minutes using a standard lab 
mixer. The resulting polymer blend composition was stable and exhibited no precipitate 
formation or gelling. 

[0057] A non-pigmented coating was prepared by mixing together for two minutes the 
polymer blend composition, 5.0 g of deionized water, 0. 1 g of Dow 62 (a silicon defoamer 
emulsion commercially available from Dow Corning), 4.0 g of 392N35 (a 35% solids 
polyethylene was commercially available from Chemcor) and 0.9 g of BYK 302 (a polyether- 
modified dimethyl polysiloxane copolymer commercially available from BYK Chemie GMBH 
Corp.). The resulting polymer blend coating had a viscosity of 45 seconds as measured via a 
Zahn 2 cup and a pH of 7.5. 

[0058] For comparison purposes, a non-pigmented coating was made using the above- 
noted procedure except that the polymer blend composition was replaced with 90 g of Anionic 
Polymer No. 2. 

[0059] The polymer blend coating and the coatings of the comparative examples were 
each applied to CI S paperboard using a No. 12 wire-wound rod. The coated sheets were then 
oven dried for 30 seconds at (>0°C and allowed to dry overnight at room temperature. The sheets 
were subsequently tested via a standard spot test for periods of 2, 10, 30, and oO minutes using 
the following chemical reagents: FORMULA 409 PRO (a commercial cleaner from Clorox Co.), 
0.3% ammonium hydroxide, 70% isopropyl alcohol, 50% ethanol, and 0.5 molar potassium 
hydroxide. The sheets coated with the polymer blend coating exhibited superior chemical 
•"■ ■,' i v ' i v '< wJvn foniivifvd to the comparative example coating. 
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EXAMPLE 15 

[0060] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
58.5 g of Cationic Polymer No. 2. Thereafter, 6.5 g of Anionic Polymer No. 2 was added to the 
jar with stirring, and the blend was mixed for an additional two minutes using a standard lab 
5 mixer. The resulting polymer blend composition was stable and exhibited no precipitate 
formation or gelling. 

[0061] A pigmented coating was prepared by mixing together for two minutes the 
polymer blend composition, 5.0 g of deionized water, and 30.0 g of BHD-6000 (a blue pigment 
resinless dispersion commercially available from Sun Chemical). The resulting polymer blend 
1 0 coating had a viscosity of 25 seconds as measured via a Zahn 2 cup and a pH of 7.5. 

[0062] For comparison purposes, a pigmented coating was made using the above-noted 
procedure except that the polymer blend composition was replaced with either 65 g of Anionic 
Polymer No. 2. 

[0063] The polymer blend coating and the coatings of the comparative examples were 
1 5 each applied to CIS paperboard using a No. 12 wire-wound rod. The coated sheets were then 

oven dried for 30 seconds at 60°C and allowed to dry overnight at room temperature. The sheets 
were subsequently tested via a standard spot test for periods of 2, 10, 30, and 60 minutes using 
the following chemical reagents: FORMULA 409 PRO (a commercial cleaner from Clorox Co.), 
0.3% ammonium hydroxide, 70% isopropyl alcohol, 50% ethanol, and 0.5 molar potassium 
20 hydroxide. The sheets coated with the polymer blend coating exhibited superior chemical 
resistances when compared to the comparative example coating. 



EXAMPLE 16 

[0064] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
25 76.0 u of Cationic Polvmer No. 1 . Thereafter, 20.0 g of Anionic Polymer No. 1 was added to the 
; with stiYrin" and the blend was mixed for an additional two minutes using a standard lab 



( m Ho ] An ink jet receptive coating w as prepared by mi\me together for l\\ o minutes the 
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polymer blend composition, 0. 1 g of Dow 62 (a silicone antifoam emulsion commercially 
available from Dow Corning) and 3.0 g of 392N35 (a 35% solids polyethylene was commercially 
available from Chcmcor). The resulting polymer blend ink jet receptive coating had a viscosity 
of 100 cps as measured by a #4 spindle at 100 rpms and a pH of 8.39. 

[0066] A traditional polyvinyl alcohol-based ink jet receptive coating was also produced 
as a comparative example. The above procedure was repeated except that the polymer blend 
composition was replaced with a 30 g of AIRVOL 205 (a polyvinyl alcohol manufactured by Air 
Products, Inc.) mixed in 70 g of DIW. 

[0067] The polymer blend ink jet receptive coating and the coating of the comparative 
example were each applied to Hammermill Multipurpose paper using a No. 12 wire-wound rod. 
The coated sheets were then dried for 5 minutes at 1 10°C, and test prints were made on the dried 
sheets with black ink using an Epson 900 printer. The print made on the coating produced with 
the blend polymer of the present invention showed much sharper definition, increased edge 
acuity, greater water-resistance, and a higher color density when compared with the print 
produced using the traditional polyvinyl alcohol-based ink jet receptive coating. 

EXAMPLE 17 

[0068] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
25 g of Cationic Polymer No. 1 . Thereafter, 75 g of Anionic Polymer No. 6 was added to the jar 
with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 23 seconds as measured via a 
Xahn 2 cup, was stable and exhibited no precipitate formation or gelling. 

EXAMPLE IS 

[0060] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
" of ratinnie Pohmer \o. 1 Thereafter. 25 g of Anionic Polymer No. 0 was added to the jar 



/aim 2 cup. wa> Mable and exhibited no precipitate formation or gelling. 
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EXAMPLE 19 

[0070] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
50 g of Anionic Polymer No. 6. Thereafter, 50 g of Cationic Polymer No. 2 was added to the jar 
5 with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 23 seconds as measured via a 
Zahn 2 cup, was stable and exhibited no precipitate formation or gelling. 



EXAMPLE 20 

[0071] A polymer blend composition was prepared as follows. To a 4 oz jar was added 
25 g of Anionic Polymer No. 6. Thereafter, 75 g of Cationic Polymer No. 2 was added to the jar 
with stirring, and the blend was mixed for an additional two minutes using a standard lab mixer. 
The resulting polymer blend composition, which had a viscosity of 27 seconds as measured via a 
Zahn 2 cup, was stable and exhibited no precipitate formation or gelling. 

[0072] Many modifications and variations of the present invention will be apparent to 
one of ordinary skill in the art in light of the above teachings. It is therefore understood that the 
scope of the invention is not to be limited by the foregoing description, but rather is to be defined 
by the claims appended hereto. 



